ABSTRACT An experiment was conducted to investigate the effects of the lectin, Concanavalin A (Con A), contained in raw Jack bean (JB) (Canavalia ensiformis, L.) seeds on the immunological response of broilers. A maize-soybean meal basal diet was prepared to which either 2.5, 5, or 10% of ground raw Jack bean (RJB) seeds was added. The RJB seeds contained 24 g Con A/kg on a dry matter basis, as measured by rocket immunoelectrophoresis. Similar diets were prepared by using the same levels of JB after toasting at 190 C for 16 min. In addition, the basal diet was pair-fed to groups of chicks at the level of feed intake of chicks fed the 10% RJB diet. Each diet was fed to six groups of six chicks for 6 wk. At 5 wk, 15 of chicks from each diet were immunized against Brucella abortus (BA) and the anti-BA antibody titers were determined 1 wk later by ELISA. Antibody production against Con A was also measured by the same method. Binding of Con A to intestinal villi and subsequent endocytosis were confirmed by microscopic examination using a specific peroxidase-antiperoxidasestaining technique. Performance was recorded weekly. Feed intake and weight gain were reduced (P < 0.05) only by the diet containing 10% RJB, indicating that broiler chicks can tolerate daily intakes of 100 mg of Con A over 6 wk without affecting growth. Toasted JB diets supported adequate chick performance. The antibody response to BA did not differ with dietary treatment. Serum from chicks fed raw JB also contained antibodies against Con A. The bursa of Fabricius, thymus, spleen, and pancreas dry weights, as a percentage of dry body weight, were not affected by the experimental diets. The data indicated that Con A binds to the cells of the gastrointestinal tract, passes into the general circulation and, eventually, elicits an immunological response without affecting the production of antibodies to BA.
INTRODUCTION
Depressed feed intake and stunted growth of chickens fed diets containing high levels of raw mature jack beans (JB, Canavalia ensiformis, L.) have been well documented (D'Mello and Walker, 1991; León et al., 1991) . Various antinutritional factors (ANF) known to be present in these beans have been claimed to be responsible for the poor nutritional value of the jack beans . Of these potentially toxic ANF of Jack bean, Concanavalin A (Con A), a lectin, appears to the most deleterious (León et al., 1991) .
Concanavalin A not only affects performance, but also exerts a wide array of biochemical and physiological changes in the cells (Pusztai, 1991) . In addition, Con A has been reported to elicit immunosuppressive effects on isolated mouse spleen cells (Dutton, 1972) . Some dietary lectins can suppress IgE response to other antigens in rats (Restum-Miguel and Provost-Danon, 1985) . Dietary lectins can also induce an antibody response of the IgE class (Pusztai et al., 1979) ; however, little or no work has been reported so far on the possible effects of Con A, fed as a part of a JB diet, on the primary immune response in broiler chickens. Recently, Oliveira et al. (1994) demonstrated that diets based on Canavalia brasiliensis seed proteins caused severe atrophy of the thymus in rats.
Although lectins can be inactivated by heat treatment, it is feasible that residual amounts of Con A, in a fully active form, may remain in the treated JB seeds. Therefore, information on the possible immunosuppressive role of Con A in chickens may have important 1 Vitamin mix provided the following (per kilogram of diet): retinyl acetate, 2.27 mg; cholecalciferol, 0.04 mg; all-rac-a-tocopheryl acetate, 5.5 mg; menadione sodium bisulfite, 1.45 mg; riboflavin, 6.6 mg; pantothenic acid, 11 mg; cyanocobalamin, 0.01 mg; choline, 550 mg; folic acid, 0.7 mg; thiamin mononitrate, 1.1 mg; pyridoxine, 1.1 mg; niacin, 33 mg.
2 Mineral mix supplied the following (per kilogram of diet): manganese, 65 mg; zinc, 40 mg; copper, 5 mg; iodine, 0.5 mg.
3 Calculated using tabular values for each ingredient (NRC, 1994) except for Raw jack bean meal, for which values were published by Leó n et al. (1989, 1990) . The nutrient composition of toasted jack bean meal was assumed to be similar to that of raw jack bean meal except for ME content for which a value of 2,407 kcal ME/kg was used implications for the potential use of JB seeds as a feedstuff for poultry, as immunosuppression makes the birds more prone to infections leading to low productivity. Hence, this study was undertaken to investigate the effects of Con A, fed as a constituent of JB, on the primary immunological response, organ weights, intestinal histomorphology, and performance of broiler chickens.
MATERIALS AND METHODS

Birds and Diets
Male chickens of a commercial strain (Arbor Acres) were obtained from a local hatchery and kept in singletiered pens (1.0 × 0.5 × 0.5 m). Chicks were subjected to continuous incandescent light. Unless otherwise stated, chicks were given free access to feed and tap water. Chicks were selected from a larger population to obtain uniform body weights, and randomly assigned to dietary treatments. All management and experimental procedures conducted during this study were done in accordance with the guidelines for the care and use of laboratory animals at the Central University of Venezuela.
Experimental diets (Table 1) were composed primarily of corn and soybean meal and were formulated to contain 22% CP. The diets were isocaloric and isonitrogenous, and adequate in all other nutrients as specified by the NRC (1994). Raw JB (Cultivar original) grown in the Faculty of Agronomy, Maracay, Venezuela, were toasted in an electrically heated grain coffee toaster 3 at 190 C for 16 min. Both raw and toasted JB were ground through a 2-mm screen and incorporated, at the expense of appropriate quantities of corn and soybean meal (Table 1) , into the control diet at 2.5, 5, or 10%, respectively.
Experimental Design and Data Collection
Preliminary Experiment. Eighteen male 1-d-old chicks were used in a preliminary experiment. Due to the large amount of Con A needed to carry out the 6-wk growth trial, this preliminary experiment was conducted in order to ascertain that feeding Con A as a part of JB meal was as effectively bound and endocytized by intestinal cells as feeding purified Con A. One group of six chicks was assigned randomly to the control diet (Table 1) or to a diet containing 10% raw JB or 0.3% purified Con A. All diets were fed for a 3-wk period. At the end of this period, feed intake was measured and three chicks per diet were killed by cervical dislocation and samples of duodenum were rapidly taken for histological examination.
Main Experiment. Six groups of eight chicks each were assigned to each of the experimental diets. The experiment lasted 6 wk. Additionally, because reduction of feed intake was expected in those groups of chicks fed the higher levels of raw JB, and also because low intakes of nutrients reduce the primary antibody response in chicks (Glick et al., 1981) , groups of chicks were pair-fed the control diet and the control + 10% raw JB in amounts corresponding to the average intake on the previous day by the chicks fed this latter diet. Weight gain, feed consumption, and feed:gain were determined on a weekly basis. Antigens were injected s.c. at 5 wk of age (Van der Zijpp et al., 1986) and consisted of 0.2 mL of a Brucella abortus (BA) vaccine (23.6 × 10 9 cells). 4 Seven days later, blood samples (5 mL) were drawn, from 15 chicks per diet, by cardiac puncture to determine primary antibody response. Samples were allowed to clot and centrifuged (1,000 rpm for 10 min), and sera were collected and stored frozen for later analysis. Anti-BA IgG antibodies were measured using an ELISA method (Nielsen and Wright, 1984) with some modifications (Vasquez, 1992) . In brief, wells of microtiter plates 5 were filled with 100 mL of antigen at a concentration of 1 mg/mL in carbonatebicarbonate buffer (pH 9.6) and allowed to incubate at 4 C for 18 h to coat the wells. After coating, the wells were washed three times with 0.01 M PBS (pH 7.2), 100 mL serum (diluted 1:50) was added to each well, and the plates were incubated for 1 h at 37 C. After another washing, 200 mL of anti-chicken IgG (diluted 1:500) horseradish peroxidase-labeled conjugate 5 was added to each well, and the plates were allowed to incubate for a further 1 h. After a final wash, 100 mL of a substrate solution of H 2 O 2 and ABTS [2,2′-azinobis (3-ethylbenz-thiazoline-6 sulfonic acid)] in citrate buffer (pH 4) were added to each well, and the plates were covered and allowed to incubate for 20 min. Preliminary optimization of the assay revealed that at this time the reaction was still at a linear stage of color development. Antibody levels were expressed as optical density (O.D.) readings read at 405 nm. 6 Anti-Concanavalin A antibodies were also assayed in the same serum samples by means of an ELISA method based on a similar procedure to that described by Voller et al. (1976) . Coating of the wells was achieved using purified Con A as an antigen at a concentration of 400 ng/mL. Antibody values were also expressed as O.D. readings at 405 nm. ELISA data are the average of 15 measurements.
The Con A was isolated and purified from JB by the method of Agrawal and Goldstein (1965) . Following elution from Sephadex G-50 column, it was dialyzed against 1.0 N NaCl to remove the glucose present, and freeze-dried. Protein determination was done according to Bradford (1976) . Purity was 98% as determined by HPLC analysis (Hofstetter et al., 1987) . The Con A used in this study was comparable in purity to that commercially obtained 5 Con A (grade IV Con A type). Con A content in raw JB was 2.4% as estimated by immunorocket electrophoresis (Weeke, 1973) . No Con A was detected in the toasted JB seeds by this method.
Organ Weights, Histology, and Immunochemistry. At the end of the 6-wk experimental period, four chicks from each dietary treatment were selected on the basis of closeness of average final body weight to treatment mean. Feed had been removed overnight, and the chicks were killed by cervical dislocation.
The intestine, liver, pancreas, thymus, spleen, and bursa of Fabricius were excised, weighed, and frozen. All tissues and remaining carcass were weighed, dried to constant weight, and reweighed. To minimize differences due to chick weight and water content, all organ weights are expressed as grams of dry weight/100 g dry body weight.
Samples from the apex of the duodenal loop were placed in buffered neutral formalin. Fixed tissues were trimmed, embedded in paraffin, sectioned at 5 mm, and stained with hematoxylin and eosin stain. Samples from the control and from groups fed the JB-containing diets were examined microscopically. Additionally, specific immunoreactive peroxidase anti-peroxidase (PAP) staining of duodenal sections were performed according to Taylor (1978) . Formalin-fixed sections were reacted with mono-specific rabbit-anti-Con A antibodies. 5 Second antibody treatment (PAP) was followed by staining the sections with 3,3′ diaminobenzidine and counterstaining by hematoxylin.
Villus height was measured microscopically 7 at 10× magnification using an eyepiece that contained a millimeter scale. Villus height means were derived from an average 20 villi measurements.
Statistical Analysis
Data were expressed as arithmetic means and were subjected to one-way ANOVA using the STATISTIX software package, 8 and multiple comparisons were done by Tukey test (Zar, 1984) . Significance was accepted at the P < 0.05 level.
RESULTS
The preliminary experiment (data not shown) showed a 28.5 and 21.4% decrease in feed consumption due to the presence of 0.3% Con A or to 10% raw JB, respectively, in the control diet. Figure 1 clearly demonstrates that Con A, fed in a purified form or as a part of raw JB, can bind equally effectively to duodenal villi and be subsequently endocytosed by the mucosal cells. Thus, this preliminary experiment indicated that the utilization of JB seems to be a suitable source of Con A for the 6-wk experiment.
Chick Performance
The performance at 6 wk of chickens fed the experimental diets with different levels of JB is shown in Table 2 . Feed intake of chicks decreased linearly with each level of raw JB although a significant difference was found only between diets with 5 and 10% raw JB and the control. Feed consumption was similar between toasted JB and the control diet. Weight gain of chicks fed raw JB was significantly less than chickens fed the basal diet but, was similar to the pair-fed groups. Dietary treatments did not affect the feed:gain ratio.
Organ Weights
The relative liver weight was significantly higher in those chicks that consumed the diet containing 10% raw JB. None of the other organs examined showed significant changes in organ size (data not shown). The relative height of the duodenal villi of the birds fed the 10% raw JB diet was significantly reduced (P < 0.05) relative to the other treatments (Table 2) .
Histopathology
Although there was evidence of a general disruption of the normal apical microvilli of enterocytes (data not shown), only the 10% raw JB diet resulted in a significant shortening of the duodenal villi (Table 2) . Villi from all raw JB diets showed signs of vascular degeneration accompanied by an inflammatory reaction in the lamina propia (Figure 2 ). An increased number of eosinophils, monocytes and, lymphocytes were also observed in the lamina propia of chicks fed raw JB. These histological changes were not present in the birds fed the toasted JB diets.
The specific immunoreactive staining technique revealed increased staining intensity as the level of raw JB increased in the diets, which is an indication of the binding of Con A to duodenal epithelium (Figure 2) . Also, there is evidence of extensive endocytosis of immunoreactive lectin, as indicated by the distinctive staining at the subcapsular surface of the villus. When chicks were fed diets containing toasted JB, Con A binding to brush border cells was less marked than in chicks fed raw JB diets.
Anti-BA and Anti-Con A Antibodies
Antibody titers to BA were not affected by dietary treatments except for those birds fed on diet with 5% toasted JB (Table 2) . On the contrary, when the diets based on raw JB were given, a linear increase in antibody production against Con A was observed. The diets with toasted JB did not significantly affect antibody titers to Con A.
DISCUSSION
The data on performance agree with previous work indicating that raw JB reduces feed intake and growth (Kessler et al., 1990; D'Mello, and Walker, 1991) . However, growth was only significantly reduced when raw JB was fed at 10% dietary level. This result suggests that broiler chicks can tolerate relatively high ingestion of Con A without affecting feed efficiency. We determined Con A content in raw JB to be 2.4% (Table 1 ), indicating that chicks fed the 5% raw JB diet ate approximately 100 mg of Con A/d during 6-wk; however, there was no effect on growth compared to controls. This result indicates that there may be a dietary threshold for dietary lectin beyond which feed intake is depressed to a point that normal growth cannot be maintained.
FIGURE 1 (top).
Specific immunoreactive peroxidase anti-peroxidase (PAP) staining of sections obtained from the duodenal loop of chicks fed a diet containing with 300 mg of Concanavalin A (Con A)/kg (B) or a diet with 300 g of raw Jack bean meal/kg (C), compared to a control diet (A). Formalin-fixed sections were reacted with the monospecific rabbit anti-Con A antibodies. Second antibody treatment (PAP) was followed by staining the sections with 3-3′-diaminobenzidine and counterstaining by hematoxylin. The section from control chicks (A) shows normal villus morphology and no staining of the brush border (ÿ). Similar sections taken from chicks treated with Con A (B) and raw Jack bean (C) show strong staining of the brush border (ÿ) and, within the villi of the columnar epithelial cells (5), revealing the presence of the lectin. (Preliminary experiment) 16× Bar scale = 4 mm. FIGURE 2 (bottom). Specific immunoreactive peroxidase anti-peroxidase (PAP) staining of sections obtained from the duodenal loop of chicks fed the following diets for 6 wk: a control diet A); a diet containing 50 g raw Jack bean (RJB)/kg B); a diet containing 100 g RJB/kg C); or a diet containing 100 g toasted Jack bean (TJB)/kg D). Formalin fixed sections were reacted with the monospecific rabbit anti-Con A antibodies. Second antibody treatment (PAP) was followed by staining the sections with 3-3′-diaminobenzidine and counterstaining by hematoxylin. The section from control diet (A) shows normal villi morphology and no staining of the brush border (ÿ). Note the strong PAP-staining PAP-stain affinity for brush border (ÿ) and for columnar epithelial cells (5) in sections from chicks fed diet B. More marked responses are observed after feeding the diet with 100 g RJB/kg (C); notice the damage of the brush border (ÿ) and also a strong staining (5) and a severe inflammatory cell infiltrate in the lamina propria (π). Faint PAP-staining is present in some regions of the villi after feeding the TJB diet (D) suggesting that toasted Jack beans possessed some residual Con A that bound the to brush border (ÿ) without altering the normal appearance of villi. (Main experiment) 40×. Bar scale = 1 mm.
Reduction of feed intake of chicks fed raw JB has been consistently reported (D'Mello et al., 1985; León et al., 1991) . This response can be observed in less than 1 h after exposing the chicks to a diet with 30% raw JB (León et al., 1991) . The mechanism by which this occurs is unknown. Appetite control in chicks is a complex process and it is thought to be under influence of neural (Denbow et al., 1982) , hormonal (Savory, 1987) , and immunological factors (Klasing et al., 1987) . If any, or all, of these physiological mechanisms are triggered by the interaction of the lectin with the glycosylated receptors located along the digestive tract of the birds, remains to be determined. The magnitude of the reduction in feed intake, though, appears to depend upon the level of dietary JB (or Con A); in the present study, 10% raw JB depressed feed intake by 14% compared to basal diet, in contrast to reductions of 40 to 60% observed when 30% raw JB has been used (León et al., 1991) .
Lectin binding to specific monosaccharides on the brush border cells causes a severe disruption of the normal morphology of the gut epithelium (King et al., 1980) , leading to reduced nutrient digestion and absorption and thus impairing growth (Rubio et al., 1989) . Our results indicate that lectin-induced changes in villi structure do not necessarily result in poor nutrient utilization as chick growth resulting from feeding the 10% raw JB was no different from that of the birds pairfed the basal diet (Table 2 ). These data are in agreement with the findings of Rattray et al. (1974) , who reported that Con A binding to intestinal microvilli did not affect growth of germ-free rats. Pusztai (1991) has presented evidence suggesting that lectin endocytosis by mucosal cells is a prior step to inducing nutritional toxicity and a whole series of systemic effects thereof, including insulin release (Cuatrecasas and Tell, 1973) , mobilization of liver glycogen (Grant et al., 1987) , and immunological response (Puztai et al., 1983) in rats. Atrophy of the thymus (Oliveira et al., 1994) and spleen have also been reported when feeding diets with purified Phaseolus lectin or raw beans. No effects were found in our study on the size of the thymus, spleen, pancreas, or bursa of Fabricius:organs that are mostly responsible for the immunological response in chicks. That there was Con A endocytosis and subsequent transferral to the general circulation is supported by the immunochemistry data (Figure 2 ) and also by the increased titers of IgG antibodies to Con A in chicks fed raw JB diets. A similar response has also been induced by phytohemagglutinin in rats (Grant et al., 1985) , and it is conceivable that by means of this highly specific immune response, chicks given the raw JB diets effectively prevented the expression of the systemic effects of the lectin. The immunological status of the birds fed the raw JB diets is supported by their undiminished primary immune response to the challenge of BA antigen. Except for reduced titer to BA (P < 0.05) from birds fed the 0.5% toasted JB diet, for which no explanation can be offered here, the overall response indicates that the immunological organs were functional in all treatment groups. This conclusion is in agreement with the results of Egan et al. (1974) , who found no effect of Con A upon the antibody response to Escherichia coli lipopolysaccharide-another T cellindependent antigen-in mice. Whether Con A could interfere with antibody response to a T cell-dependent antigen in chicks should be explored.
The normal performance of chicks fed the toasted JB diets compared to the controls, and the absence of antibodies against Con A in these groups (Table 2) indicate that, although some binding to the duodenal villi of active residual Con A (intact or fragmented) present in the toasted beans, did take place (Figure 2) , immunoreactive lectin endocytosis did not occur in sufficient amounts to elicit an immunological response. Although it was not an objective of this study, the present data also suggest that the hemagglutination and immunorocket tests, commonly used to detect or quantify lectins (Taylor, 1978; Oliveira et al., 1994) , are not, in fact, good predictors of the lectin's capacity to interact with the intestinal mucosa, because negative readings from these tests did not match the histological findings in the toasted JB duodenal samples (Figure 2) .
The enlargement of the liver observed in chicks fed the highest level of raw JB is puzzling. Liver fat content was not affected by diets (data not shown); thus, this response may be related to mechanisms linked to disposal of endocytosed immunoreactive lectin in conjunction with the high level of circulating IgG titers to Con A. It is also possible that the damage to the intestinal mucosa inflicted by Con A prevented sufficient absorption of nutrients to support carcass growth while maintaining normal liver growth. A differential growth rate between intestine and carcass due to dietary lectins in rats has been reported by Pusztai (1991) .
In conclusion, it has been demonstrated here that broiler chicks can tolerate daily intakes of 100 mg of Con A, fed as part of a diet containing JB, without affecting performance. Higher consumption of Con A depressed feed intake, which was accompanied by a proportional reduction in chick growth. It was also shown that Con A binds to the intestinal mucosa and elicits an antibody response against itself, and that this may prevent systemic effects that could be attributed to the lectin. Except for liver enlargement, no effects were observed in the internal organs. Immunosuppression did not occur as indicated by the positive primary immune response to BA antigen in chicks fed the raw JB diets.
